Plants are bipolar organisms in which the apical part generates vegetative and reproductive organs and the basal part generates the root system. Roots perform a variety of biological functions. They keep the plant upright but are also the site of nutrient and water uptake and constitute important storage organs in some species. They produce growth regulators such as cytokinins and secondary metabolites such as flavonoids and alkaloids that can be involved in the defense against pathogens or in the cross-talk with symbiotic microorganisms. The cellular events that take place during embryogenesis and lead to the formation of the primary root have been well described in Arabidopsis (Arabidopsis thaliana; Fig. 1 ). Initially, the root apical meristem is formed from cells of both the basal and apical tiers of the developing embryo. Upon germination, the initial cells forming the meristem divide to provide new cells to the preexisting files. As the root develops, these daughter cells enter the expansion zone where they slowly divide and expand before entering the maturation zone where they differentiate. By contrast, lateral roots are formed postembryonically from pericycle cells that undergo a series of periclinal and anticlinal divisions to create a new meristem. After mechanical damage, adventitious roots can be formed from stem cells such as cambium cells by direct organogenesis or indirectly from callus tissue.
Because Arabidopsis primary root organization is simple with a highly conserved number of cells in each layer, any deviation from the standard pattern can easily be detected. The study of mutants affecting this developmental pattern allowed the discovery of genes involved in root patterning. Some of these genes encode transcription factors (TFs) that interact with cis-acting DNA elements or other transcription regulators to activate or repress the expression of target genes. By these means, TFs regulate cascades of genes that can lead to important morphological, physiological, and/or metabolic changes. Many of the TFs existing in plants have been previously identified in animals and are classified according to their DNAbinding domain: MADS-box, homeodomain, Zinc finger, basic Leu-zipper, as well as basic helix-loop-helix (bHLH) and MYB found in mammalian c-MYC and c-MYB proto-oncogenes, respectively. Other TF families occur only in plants: APETALA2/EREBP (ethylene response element binding protein), WRKY (proteins characterized by the highly conserved WRKYGQK amino acid sequence), NAC (no apical meristem cup-shaped cotyledon), Dof (DNA binding with one finger), ARF (auxin response factor), and Aux/IAA (auxin/indole-3-acetic acid) proteins (Liu et al., 1999) . TFs give the opportunity to decrypt the gene regulatory networks controlling development programs and can be considered as major keys to better understand root tissue differentiation and root development in response to internal growth regulators as well as environmental signals. In this review, we report the recent progress in the study of root development through the characterization of TFs that define complex functional networks.
TFs Are Required for the Establishment and the Maintenance of the Primary Root Meristem
The primary root takes its origin in stereotyped cell divisions of the proembryo. Mutation in the MONOP-TEROS (MP) or BODENLOS (BDL) genes affect the division of the apical daughter cell of the zygote and thus the orientation of the proembryo. In both mutants, the apical daughter cell divides horizontally to form four instead of two tiers of embryonic cells leading to the formation of a double octant proembryo (Berleth and Jü rgens, 1993; Hamann et al., 1999) . An immediate consequence is that the hypophysis (see Fig. 1 ) fails to undergo the asymmetric division that would give rise to the precursor of the quiescent center (QC) and to the cell from which the lower tier of the root meristem is derived. Developing mutant plantlets present greatly reduced root systems. The mp bdl double mutants show identical phenotypes, suggesting that these genes encode different proteins involved in the same developmental process (Hamann et al., 1999) . Indeed, MP and BDL are expressed in the same cells, and the proteins they encode can physically interact (Hamann et al., 2002) . The MP gene encodes a TF belonging to the ARF family (Table I) . This TF (ARF5) and other members of this family induce the expression of primary/early auxin response genes (Liscum and Reed, 2002) . ARFs bind TGTCTC motifs corresponding to the auxin response element found in the promoter of primary/early auxin response genes. ARFs can heterodimerize with Aux/IAA proteins that inhibit the transcriptional activity of ARFs and are encoded by early auxin response genes (Liscum and Reed, 2002) . Aux/IAA proteins do not appear to bind DNA directly, and the repression of transcription is achieved through their heterodimerization with ARF proteins. BDL encodes an Aux/IAA protein (IAA12), which appears to be the first protein of this type involved in embryogenesis (Hamann et al., 2002) . During embryogenesis, MP and BDL proteins may form a complex that prevents the MP protein from activating early auxin response genes. Auxin presence would induce the degradation of BDL and release MP that activates the transcription of the target genes (Hamann et al., 2002) . Because neither the MP nor the BDL genes appear to be expressed in the hypophysis but in the adjacent proembryo cells, it has been suggested that the auxin signal turning on the hypophysis cell fate had to be relayed from the proembryo to the presumptive hypophysis (Hamann et al., 1999) . It is not yet clear how MP activates the expression of early auxin response genes in the adjacent extraembryonic cells, but it could be transported from the proembryo cells to the presumptive hypophysis cells, as observed for other TFs (Nakajima et al., 2001; Hamann et al., 2002) .
The radial pattern of the primary root of Arabidopsis consists of a defined number of cell types organized in concentric layers around the stele (Fig. 1) . This tissue organization reflects the arrangement of the initial cells in the lower tier of the torpedo stage embryo. Screens for seedlings displaying defective root growth allowed the isolation of the short root (shr) and scarecrow (scr) mutants (Table I) . Both mutants exhibit a single ground tissue layer, suggesting that the mutated genes are involved in the division of the cortex/endodermis initials. In wild-type primary roots, the cortex/endodermis initial undergoes an anticlinal asymmetric division, and the daughter cell then divides periclinally to produce the cortex and endodermis cell lineage (Fig.  1) . The scr mutant lacks one of these two layers, but the remaining cell layer displays the attributes of both cortex and endodermis as determined by suberin staining (Di Laurenzio et al., 1996) . This indicates that SCR is necessary for cell division but not for subsequent cell differentiation leading to cortex and endodermis formation. SCR encodes a TF belonging to the small GAI, RGA, and SCR-like (GRAS) family (Di Laurenzio et al., 1996; Pysh et al., 1999) . SCR transcripts were observed in the hypophysis, the upper daughter cell from which the QC will differentiate, and in the ground tissue of the late heart-stage embryo. After the division of the initial daughter cells into cortex and endodermis, SCR mRNAs were only found in the endodermis of the embryonic root. In the mature root, SCR expression was localized in the endodermis starting close to or within the cortex/endodermis initials (Di Laurenzio et al., 1996; Wysocka-Diller et al., 2000) . In the shr mutant, the single remaining cell layer exhibits only cortex characteristics, suggesting an essential role for SHR in both initial daughter cell divisions and endodermis cell differentiation (Benfey et al., 1993) . The cloning of the SHR gene indicated that it is also a putative GRAS TF . Overexpression of the SHR gene under the control of the cauliflower mosaic virus 35S promoter in wild-type plants leads to the appearance of supernumerary cell layers that exhibit endodermis attributes. These supernumerary cell layers were linked to extra divisions in the meristem . SHR is expressed exclusively in the pericycle cells, the vascular tissues, and the vascular initials, whereas it is not transcribed in the cortex/endodermis initial daughter cells where it is required for the correct asymmetric division nor in the endodermis where it is required for correct differentiation. In addition, the expression of a SHR-GFP fusion under the control of the SHR promoter in the shr mutant rescued the wild-type radial pattern and showed that GFP is localized in the nuclei of cells of the endodermis, the QC, and the cortex/endodermis initial and daughter cells as well as in the nuclei and cytoplasm of the vascular cells (Nakajima and Benfey, 2002) . A movement of the SHR protein from the stele and the Figure 1 . Schematic representation of embryonic root development in Arabidopsis. The zygote divides asymmetrically, and very precise cell divisions occur in the lower tier of the embryo to form the root meristem. At the globular stage, the uppermost cell of the suspensor, the hypophysis, divides to give rise to the QC and the columella initials. The primary root meristem consists of the QC and the undifferentiated initial cells of the lateral root cap, epidermis, cortex, endodermis, pericycle, and vascular cylinder organized in concentric rings and containing a highly conserved number of cells. The lateral root cap and the epidermis originate from the same initials and at the radial flank, cortex and endodermis are also formed from the same initials.
pericycle cells to the adjacent layer explains these observations. The direct transcriptional target of SHR seems to be SCR since the localization of the SHR protein correlates with the expression of SCR, and transgenic plants overexpressing SHR under the control of the SCR promoter display supernumerary layers of QC cells and a radial proliferation of the endodermis layer (Nakajima and Benfey, 2002) . This last observation could result from a self-perpetuating signal reinforcement in which SHR moves to the adjacent layer where it activates the SCR promoter and produces the SHR protein from the pSCR::SHR-GFP transgene (Nakajima and Benfey, 2002) . Other experiments using the promoters of SUC2 (a phloem companion cellsspecific gene), GL2 and WER (epidermal cells-specific genes), to drive the SHR-GFP fusion have shown that SHR was unable to move from the phloem companion cells or from the epidermal cells to the adjacent layer (Sena et al., 2004) . This suggests that specific factors required for SHR movement from the stele to the endodermis layer are absent in the phloem companion cells and in the epidermis. SCR seems to limit the intercellular movement of SHR by changing its subcellular localization. Even though the competence to respond to SHR-mediated cell specification is widely distributed throughout the root, the ability to respond to SHRmediated periclinal cell divisions is SCR dependent (Sena et al., 2004) . The model proposed for certain aspects of radial patterning control in the root is that the SHR protein is produced in the stele cells and moves through plasmodesmata to the adjacent layer where it is required for endodermis specification and SCR activation ( Fig. 2A) . There, SCR prevents SHR from moving further and activates cell division.
SCR transcripts were also localized in the QC of wild-type roots but were absent in scr-1 mutants (Sabatini et al., 2003) . The QC of the root apical meristem consists of mitotically inactive cells that inhibit the differentiation of surrounding initial cells and maintain them as undifferentiated stem cells by providing a cell-nonautonomous signal (van den Berg et al., 1997). In scr-1 roots, the hypophysis divides normally, but further divisions in the QC and root cap are defective so that the QC region displays an aberrant shape and the scr-1 roots ultimately cease to grow (Di Laurenzio et al., 1996) . In addition, the cells located at the place of the columella initials in wildtype plants differentiate and exhibit characteristics of mature columella cells in scr-1 mutants. These results suggest that stem cell identity is lost in scr-1 plants. Through the use of a cell-specific transactivation system allowing the reexpression of SCR in the QC region of scr-1 roots, the QC identity is recovered by the expression of the SCR gene in the QC but not in the columella or vascular cells (Sabatini et al., 2003) . The localized expression of the SCR gene in the QC is required for QC identity and maintenance of the stem cell identity. This maintenance appears to be achieved in a noncell-autonomous manner through the expression of SCR in the QC that results in the production of a maintenance signal (Sabatini et al., 2003) . Similar to what happens in radial patterning, both SHR and SCR are required for QC identity, and auxin could act as a triggering signal for all the competent SCR-expressing cells to acquire QC identity (Sabatini et al., 2003) . The QC-specific homeobox (QHB) gene that is predominantly expressed in the rice (Oryza sativa) QC could play these roles (Kamiya et al., 2003) . It encodes a WUSCHEL-like homeodomain protein characterized by insertions of one amino acid in the loop and four amino acids in the turn of the homeodomain. These motifs seem to be unique to the plant kingdom and Burgeff et al. (2002) may specify the protein dimerization and target DNA recognition abilities of the QHB protein, respectively. QHB is expressed in the QC and in the outer layer cells derived from the periclinal division that occurs in the pericycle during crown root formation in rice. In Arabidopsis, WUS is expressed in the central part of the shoot apical meristem and acts as an organizer gene maintaining neighboring cells as stem cells (Schoof et al., 2000) . Thus, QHB could play an important role in rice root meristem maintenance by inhibiting the differentiation of the adjacent initial cells (Kamiya et al., 2003) .
Root Hair Formation: How a TF Network Determines Root Epidermal Cell Fate
Root hairs are differentiated root epidermal cells that present a tubular extension in order to maximize the surface area available for soil-root interaction. In Arabidopsis, the maturation of root epidermis gives rise to hair cells (trichoblast, H cells) and hairless cells (atrichoblast, N cells). Although differences between these cells exist as soon as they are generated from the epidermis initials, it has been shown that the final cell fate is determined by positional signaling and not lineage. Root hairs will develop in epidermal cell files that are in contact with two underlying cortical cells, whereas epidermal cells that are adjacent to only one cortical cell will be hairless (Fig. 2B) . This simple positional model has been widely used to study cell fate and has allowed the identification of the genes involved in these processes through the study of mutants. Seven DNA-binding factors and a non-DNAbinding transcriptional regulator have been shown to control root hair formation: WEREWOLF (WER), CA-PRICE (CPC), TRIPTYCHON (TRY), ENHANCER OF TRY AND CPC (ETC1), GLABRA2 (GL2), GLABRA3 (GL3), ENHANCER OF GLABRA3 (EGL3), and TRANSPARENT TESTA GLABRA1 (TTG1; Table I ).
In ttg1 mutants, supernumerary root hairs appear on N-position cell files, suggesting that TTG1 acts as a negative regulator of root hair development. TTG1 encodes a WD40 protein and has also been shown to be involved in production of mucilage and anthocyanin pigments in seeds (Walker et al., 1999) . Proteins of this family are involved either in cell cycle regulation, signaling, or transcriptional regulation through interactions with R-like bHLH TFs (Galway et al., 1994) . The maize (Zea mays) R gene encodes a MYC-like bHLH protein that is a transcriptional activator, and its overexpression in ttg1 plants suppresses the mutant phenotype, suggesting that an R homolog acts downstream of or in parallel to TTG1, which does not bind directly to DNA (Galway et al., 1994) . Indeed, two R-like bHLH TFs, GL3 and EGL3, were recently identified (Bernhardt et al., 2003) . They show the same functions as R in root hair development. Ectopic root hair production in hairless cells has also been observed in gl2 mutants without altering the differentiation of the normal hair cells. The GL2 gene encodes a homeobox TF that represses root hair formation in differentiating N cells. GL2 is expressed in the cells destined to be hairless (Masucci et al., 1996) . Since GL2 expression is reduced in the ttg1 mutant, TTG1 could act as a positive regulator of GL2 expression (Hung et al., 1998) . Unlike the situation in ttg1 and gl2 mutants, a mutation in the CPC gene results in roots with fewer root hairs, whereas 35S::CPC transgenic plants present ectopic root hairs as gl2 or ttg1 mutants, demonstrating that CPC is a positive regulator of root hair formation (Wada et al., 1997) . The ttg1 cpc double mutant displays an intermediate phenotype, which shows that the gl2 mutation is epistatic to cpc and that CPC and TTG1 could either act together or in independent but opposite pathways. The CPC gene encodes a protein with a MYB-like DNA-binding domain that lacks a transcriptional activation domain. In the wild-type plant, it is not expressed in H cells, but in the cpc mutant the CPC protein was detected in all epidermal cells and in stele cells. Moreover, the CPC MYB domain seems to be involved in protein-protein interaction since it interacts with the N-terminal region of the maize R bHLH TF in yeast (Saccharomyces cerevisiae; Wada et al., 2002) . Other MYB domain TFs, TRY and ETC1, were recently shown to be involved in the regulation of leaf trichome differentiation, and even though TRY is only weakly expressed in roots, overexpression of TRY and ETC1 suggest that they present overlapping functions with CPC during root hair differentiation (Schellmann et al., 2002; Kirik et al., 2004) . CPC, TRY, and ETC1 genes could arise from recent gene duplication events and provide an interesting model to study how TF regulatory networks involved in two fairly similar epidermal cell differentiation processes (i.e. trichome and root hair formation) have evolved. The wer mutation displays root hair production in H cells as in ttg1 and gl2 mutants, indicating that WER is required for N-cell differentiation (Lee and Schiefelbein, 1999) . WER may act at an early developmental stage because in the wer mutants, the N-differentiating cells show the same morphological development markers as H cells within the meristematic zone. The WER gene is expressed in the developing N cells, and this expression pattern is independent of TTG1 and GL2. It encodes a MYB-like TF that is required for the position-dependent expression of GL2 and that is also able to interact with the maize R bHLH TF in yeast (Lee and Schiefelbein, 1999) . Two R-like TFs, GL3 and EGL3, were recently shown to require the WER MYB protein for their action. Both are able to interact physically with WER and CPC and are required for the appropriate transcription of the N-and H-cell specification genes GL2 and CPC, respectively (Bernhardt et al., 2003) . Thus, they could be the R homologs required in N and H cells for normal root hair development.
A regulatory network involving all these TFs has been proposed to explain the formation of root hairs (Fig. 2B) . It involves the TTG1 WD40 regulator, two to four MYB-related proteins (WER, CPC, TRY, and ETC1), and two bHLH TFs (GL3 and EGL3) and supposes a cell-to-cell regulation loop between them to create the differential expression of GL2 and, thus, establish a position-dependent cell fate (Lee and Schiefelbein, 2002; Schellmann et al., 2002; Bernhardt et al., 2003; Kirik et al., 2004) . In this model, WER acts with TTG1, GL3, and EGL3 in differentiating N cells as a positive regulator of the expression of CPC and probably also of TRY and ETC1. The CPC, TRY, and ETC1 proteins would then act through a lateral inhibition mechanism as promoters of the formation of root hairs in H cells. In this scenario, positional cues act on WER expression to generate high levels of this protein in N cells that enable the formation of WER/ GL3/EGL3 complexes inducing the expression of CPC, TRY, and ETC1 as well as of GL2, which promotes the hairless cell fate. Then, CPC (and eventually, TRY and ETC1) would move to the neighboring H cells to interfere with WER and induce the formation of nonfunctional CPC/GL3/EGL3 complexes that would ultimately reduce the expression of GL2 and promote root hair growth. Subsequent events in hair cell differentiation remain unclear.
Lateral Root Formation: A Precisely Localized De Novo Root Development Process Mediated by TFs
The ability to create complex root architecture greatly increases soil-plant contact surfaces, improving water and nutrient uptake as well as anchorage. In Arabidopsis, lateral roots originate in small subsets of pericycle cells adjacent to xylem poles that are defined as founder cells. The activation of these cells is dependent upon environmental and internal signals mediated by a small subset of TFs (Table I) .
Auxin has been known for a long time to be a key element in lateral root formation, and a few TFs have been proposed to be a part of this transduction pathway (Fig. 2C) . The NAC1 gene encodes a polypeptide possessing a functional nuclear localization signal as well as DNA-binding, dimerization, and activation domains characteristic of TFs (Xie et al., 2000) . NAC1 transcripts were localized in the root tip and in the lateral root initiation region. Overexpression of NAC1 increases the number of lateral roots, whereas NAC1 antisense expression reduces lateral root initiation. Auxin treatment had a limited effect in NAC1 antisense plants, suggesting that NAC1 acts downstream of the auxin signal cascade (Xie et al., 2000) . NAC1 is regulated at the posttranslational level by SINAT5, an E3 ligase presenting a RING motif that may ubiquitinate NAC1 and target it for proteasomal degradation (Xie et al., 2002) . Screens for mutants capable of root elongation on inhibitory concentrations of IAA-Ala and for mutants defective in shoot gravitropic responses allowed the isolation of iaa28-1 and solitary-root-1 (slr-1; Table I ). The iaa28-1 mutant displays 10-fold fewer lateral roots than wild-type, and slr-1 was found to lack early cell divisions during lateral root initiation. IAA28 and SLR1 encode AUX/IAA proteins, which are known to be short lived and to act as transcriptional repressors of auxin-responsive genes. Mutations in IAA28 and SLR1 appear to be gain-of-function mutations that may stabilize these proteins (Rogg and Bartel, 2001; Fukaki et al., 2002) . IAA28 transcripts were located both in roots and inflorescence stems, and their levels are slightly reduced by auxin in seedlings so that IAA28 may act as transcriptional repressor of auxin-responsive genes required for lateral root initiation (Rogg and Bartel, 2001) . SLR was shown to encode IAA14 and is expressed in almost all organs including leaves, stems, flowers, and roots. In roots, SLR is expressed throughout the elongation zone and in the vascular cylinder in response to auxin (Fukaki et al., 2002) . It seems that IAA28 and SLR/ IAA14 may act as a repressor in lateral root initiation, possibly acting together with an ARF partner that can directly bind the auxin response element of auxin response genes (Fig. 2C) . Recently, the expression of knotted-like 6 Arabidopsis (KNAT6), a member of the knotted-like (KNOX) gene family, was localized in the root phloem tissue close to the lateral root initiation zones, at the base of the lateral roots but not in the meristems (Dean et al., 2004) . Its down-regulation increased the total number of lateral roots but greatly reduced their size. Since KNAT6 expression shifted toward the root tips upon auxin treatment and was reduced by exogenous cytokinin, a possible function of this TF in wild-type plants might be to prevent the production of supernumerary lateral roots by reducing cell divisions in the pericycle cells near developing lateral roots (Dean et al., 2004) . Due to its localized vascular expression and to the known cell-to-cell movement capacities of KNOX proteins in the shoot apex, KNAT6 may represent a good candidate to study the links between long-range auxin transport and its local effects during lateral root formation (i.e. pericycle cell dedifferentiation and cell division).
Lateral root development is also dependent on nutritional cues. Nitrate, which is the major source of nitrogen, plays an important role in lateral root growth. A MADS-box TF (ANR1) has been shown to mediate nitrate-induced lateral root development (Table I ; Fig. 2C ). ANR1 is preferentially expressed in roots and is induced at the transcriptional level by nitrate. Antisense and cosuppressed transgenic lines for this gene present reduced lateral root elongation with increasing NO 2 3 concentrations. In addition, these transgenic lines are less sensitive to localized NO 2 3 treatments (Zhang and Forde, 1998) . Taken together, the results suggest that NO 2 3 has two opposing effects on lateral root elongation. ANR1 is involved in the NO 2 3 -localized stimulatory effect, whereas it is not required in its systemic inhibitory effect (Zhang and Forde, 1998; Zhang et al., 1999) . It is not yet clear how NO 2 3 acts on ANR1, but AXR4 has been proposed to act downstream of ANR1 and to transduce the signal to genes involved in cell proliferation (Zhang et al., 1999) . Agamous-like 21 (AGL21), another MADS-box gene encoding a TF belonging to the ANR1 monophyletic clade, has recently been isolated (Burgeff et al., 2002) . It displays a similar expression pattern as ANR1 in the apex of the lateral root primordia, but it has not yet been determined if both genes have similar roles in lateral root development.
CONCLUSION
Analysis of the whole Arabidopsis genome sequence revealed that approximately 5% of the genes encode TFs (Riechmann et al., 2000) . Since TFs play major roles in the regulation of many biological processes, increasing our knowledge of their interactions with other regulatory proteins and with the other 95% of genes of the genome will provide strategic insights toward the understanding of these processes. In this Update, we present an overview of the TF networks known to control cell identity during the three main aspects of root development (primary root meristem establishment and maintenance, root hair differentiation, and lateral root formation; Fig. 2 ). As the comprehension of these processes improves, it becomes increasingly evident that TFs must be considered at a higher level not just for their DNA-binding functions, but rather as crucial members of regulatory networks responsible for the transmission of positional information required for coordinated plant development. In the shoot apical meristem, multilevel gene networks have been established to explain the formation of leaves and flowers (Soltis et al., 2002; Engstrom et al., 2004) . TFs represent key intersections in these frameworks. Their study allowed the discovery of new participant genes and provides new cues to study important physiological aspects of flower and leaf formation (e.g. photoperiod, vernalization, or hormonal controls). Within simple structures like organ primordia or shoot/root apical meristems, cell and tissue differentiation is highly dependent upon short-range cell-to-cell communication via the apoplasm through receptor-ligand interactions and/or via the symplasm through plasmodesmata-mediated trafficking of macromolecules (Haywood et al., 2002) . In both cases, TFs play key roles as they ultimately complete the intracellular signal transduction chains or may be directly transported through plasmodesmata.
In the future, a much better understanding of the regulatory networks controlling root tissue differentiation and root development should be achieved by superposing the data obtained on TFs from genomics, forward and reverse genetic analysis, in situ gene expression and protein localization, as well as proteinprotein and protein-DNA interactions studies. Forward genetic experiments (from the mutant phenotype to the gene) have led to the functional characterization of several root TFs. Almost every family of TF existing in the genome present members preferentially expressed in roots (Table I) , and recent genomic approaches reveal additional aspects of the importance of TFs in root development. The completion of the Arabidopsis genome sequence suggests that there might be more than 1,500 TF genes, and only about 7% of these genes have been functionally characterized (Riechmann et al., 2000) . A study of the Arabidopsis root transcriptome by serial analysis of gene expression revealed about 3,000 genes-out of almost 8,000 expressed in roots-with no expressed sequence tag or cDNA match in the databases, suggesting the existence of specific transcription regulation systems for this organ (Fizames et al., 2004) . From a list of 1,411 TFs present on a high-density oligonucleotide chip representing 90% of the Arabidopsis genome, 577 were shown to be expressed in roots, and more accurately, 331 of them showed different tissue and cellular expression patterns within the root (Birnbaum et al., 2003) . In the same manner, among 402 potential stressrelated TFs, approximately 15% were expressed at a relatively high level in roots (Chen et al., 2002) . The expression of some of these TF genes could therefore participate in the defense response by regulating the expression of root-specific genes. All of these studies allow us to group TFs according to their putative functions but can also highlight functional redundancy and homologies with developmental programs occurring in the shoot. These data should now be improved by reverse genetics (from the sequence to the function) through loss-and gain-of-function experiments. As for the development of aerial parts and flowers, overexpression or knock-out experiments will provide crucial information about the roles of selected root-specific TFs. As recently described for KNAT6 (Dean et al., 2004) , genes encoding TFs that are specifically expressed in roots with no determined physiological roles could be used in targeted approaches, as they might regulate developmental or biochemical processes as in other organs and tissues. Their effects on root architecture and tissue differentiation could then be analyzed in respect to known effectors of root development (i.e. auxins, nutrients, and stresses) to pinpoint the components of the corresponding signal transduction pathways. In a more applied view, targeted modifications of the root systems in genetically modified plants with TFs involved in root morphogenesis provide an opportunity to improve the anchorage or hasten the growth of plants by enhancing their exchange abilities, their resistance to drought or salinity, and their ability to penetrate compact soils and to establish symbiosis with microorganisms. TFs may also be used to engineer the production of economically valuable secondary metabolites (i.e. alkaloids, saponins, and flavonoids) normally produced in this organ (Gantet and Memelink, 2002) .
